Laminar flow in a channel with longitudinal grooves is considered. Grooves may have an arbitrary shape but do not affect the average channel opening. It is demonstrated that there exist groove shapes that reduce the laminar drag. It is shown that the reduced geometry model based on a single Fourier mode captures the flow characteristics with an acceptable accuracy. The linear stability analysis is used to determine the range of flow conditions when the flow remains laminar. The same grooves represent a certain class of surface roughness, and its effect of the critical flow conditions is of interest. It is demonstrates that the short wavelength grooves destabilize the flow while the long wavelength grooves have an opposite effect. Stability characteristics of the optimal grooves that produce the largest possible drag reduction have also been determined.
Introduction
Surface topography may directly affect the drag experienced by a moving fluid as it modulates the form of the flow as well as changes (increases) the surface wetted area. In most cases the drag increases, however, situations where the drag decreases have been identified in the case of both the turbulent [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] as well as laminar flows [11] [12] . Surface topography may also affect the drag indirectly by accelerating/decelerating the laminar-turbulent transition process. The effects of distributed surface roughness represent a classical subject in fluid mechanics and its significant role in the laminar-turbulent transition process has already been identified by Reynolds [13] in 1883. The common view that can be traced back to the Reynolds experiments is that a hydraulically rough wall always promotes transition. A hydraulically smooth wall has no effect on the transition. A formal criterion for hydraulic smoothness has been proposed only recently and it states that the roughness is hydraulically active only when it is able to induce flow bifurcation [14] ; the relevant critical conditions can be identified using linear stability theory. The two-dimensional transverse distributed roughness destabilizes travelling waves and the twodimensional waves remain critical [15, 16] . The same roughness can amplify disturbances in the form of streamwise vortices [17] . Depending on the roughness characteristics and the flow Reynolds number, the first bifurcation can lead either to the onset of travelling waves or streamwise vortices. Qualitatively similar flow responses have been found in the case of Couette flow [17] and flow in a diverging-converging channel [18, 19] . The same roughness has been found to increase transient growth with the optimal disturbances having the form of streamwise vortices [20] . Change in the form of roughness patterns and transition from a single isolated roughness to an interacting system of roughness elements that behave as a distributed roughness system produce a wide range of stability responses [21] .
This work is focused on the grooves that are parallel to the flow direction. These grooves represent a class of distributed surface roughness and, thus, this study contributes to the understanding of the transition processes initiated by such roughness. The drag-reducing subclass of the grooves is of particular interest as the same study provides an estimate of the maximum Re for which the laminar flow can be maintained. This information is crucial for the drag-reducing applications of such grooves.
Analysis
Consider flow along a straight channel extending to ∓∞ in the x-direction. The flow is driven by a constant pressure gradient and has the form 
